Although the primary consideration in controlling a mercury vapour hazard should be engineering measures preventing the air from becoming contaminated, or eliminating the contaminant from the air, there are always many operations or working places where the application of these methods is impracticable or too costly; for instance, charging furnaces or cleaning the main stack or condensers in a mercury smelting plant. In such kinds of work the engineering control must be supplemented or substituted by personal protective measures such as the use of air line respirators or respirators of the air-purifying type.
Before detailed consideration is given to the design and testing of respirators for mercury vapour it is necessary to discuss the adsorption, physical adsorption as well as chemisorption, of mercury vapour.
Physical Adsorption of Mercury Vapour on Porous
Substances It is well known that pressure and temperature have an effect on the amount of gas or vapour adsorbed on porous substances. Zelinsky and Rakusin (1926) investigated by a static method the adsorption equilibrium of mercury vapour on birchwood charcoal and found that it adsorbed considerable quantities of mercury. Coolidge (1927) , however, who also used a static method, found that the adsorption of mercury vapour on activated coconut charcoal was negligible except at elevated temperatures. At 4800 C. the maximum adsorption was 16 2 mg. per g. for a pressure of 730 mm. With decreasing pressure and temperature the amount adsorbed also decreased. At 100°C. and a pressure of 0-28 mm. the adsorbed quantity was only 2-7 mg. per g. At 200 C. he calculated (assuming the validity of Henry's law) that the * A paper read at the tenth International Congress of Industrial Medicine, Lisbon, in September, 1951. 69 maximum adsorption was 0-3 mg. per g. The calculated heat of adsorption (8, Adam, 1948 However from the study of the literature it appears that none of them is better than iodized charcoal.
We found that silica gel impregnated with iodine and copper iodide, the chemisorbent proposed by (Pyankov, 1936) . The difference in adsorptive power resulting from the use of different solvents for iodine is more pronounced the greater the concentration of mercury vapour reacting with the chemisorbent. The concentration of iodine should amount to approximately 5% by weight of charcoal (Puitter and Hirsch, 1934) . If the iodine concentration falls below this value the adsorptive power decreases rapidly. Higher concentrations of iodine are not suitable owing to the possibility of desorption.
The fact that iodized charcoal adsorbs chemically more than twice the expected amount of mercury vapour is remarkable (Pyankov, 1936) . It is probably connected with the method by which the charcoal is activated. The substance used in its preparation, such as chlorine or zinc chloride, may react chemically with the mercury vapour. For practical purposes dynamic adsorption of mercury vapour on iodized charcoal is important. The life time or resistance time (tR) is defined as the time necessary for mercury vapour of a given concentration, carried by an air stream, to penetrate a layer of adsorbent. It depends on the thickness of the layer, the concentration of iodine on charcoal, the concentration of mercury vapour in the air stream, the linear velocity of the air stream, to which the time of contact of mercury atoms and iodine is inversely proportional, temperature, the grain size of the adsorbent (Yavorovskaya, 1946) , and the previous treatment of the charcoal. Pyankov (1937) found that the equation (Pyankov, 1937) , cl and CH, are the concentrations of iodine and mercury respectively and w is the velocity in cu.m. per minute, the cross-section area and thickness of the iodized charcoal layer being constant.
The effect of temperature within limits important for practical applications is negligible.
The efficiency of chemisorbents increases with decreasing grain size (Yavorovskaya, 1946) .
When estimating the efficiency of a given activated charcoal as a filtering material it is important to consider the treatment that it has undergone, i.e. the method of initial activation. Grosskopf (1938) showed that various industrial filters, not specially designed for use against mercury vapours, offer some protection against this hazard. Thus, e.g., " drager filter SM483 " designed for use against ammonia and H2S had a resistance time of 1,440 minutes when tested at 200 C. and at a concentration of mercury vapour of 14 mg./cu.m.
Owing to the great number of relevant variables it is difficult to compare the experimental results on the resistance time of iodized charcoal as obtained by various workers. As Preparation of Iodized Charcoal.-A gas-mask charcoal (grain size 15 mm.) was used for the preparation of iodized charcoal; its water extract gave with silver nitrate a strong reaction of chloride ion. The first method used for preparation consisted in treating active charcoal with a 2 5% alcoholic solution of iodine (Yavorovskaya, 1946) apparatus through the flow meter (H) and passes the gas-washing bottle (M) containing pure merctiry. The washing bottle is equipped with a fritted glass plate (N). The bottle is immersed in the water bath (L) which enables the heating of mercury up to 1000 C. The air saturated or nearly saturated with mercury vapour leaves the washing bottle through the air ejector (K) where it is mixed with the other part of fresh air coming through the flow meter (J). The mixing of the air streams is completed in the bottle (E). From the bottle (E) the air-mercury vapour mixture enters the filter (B). Samples for determination of the concentration of mercury vapour are taken at (D) and (C). Before going to the exhauster the air stream passes the dry gas meter (A) where the total quantity of air passing the filter (litres per minute) is measured once more. Owing to the large difference between the room temperature and the temperature of the water-bath (L), the air saturated with mercury vapour cools down quickly when entering the ejector, and a rapid condensation of mercury vapour takes place which enhances the formation of mercury aerosols. Thus we were in the position also to test the permeability of filters to aerosols with the same apparatus.
Determination1 of Mercury Contcentrationl in the Air Stl-eam.-The analysis of air samples taken at (D) and (C) was performed by means of a Beckman spectrophotometer, which was specially adapted for this purpose. The ordinary light source of the Beckman instrument was replaced by a low pressure mercury vapour lamp having a maximum radiation output at 2536-5 A; the wavelength knob of the monochromator was also set at 2536 5 A. A 2310-100-89 cell was filled with the air to be analysed. For this purpose a special filling attachment was used. The optical density of the air sample was then measured. By means of a calibration curve it was possible to estimate with sufficient accuracy concentrations of mercury vapour as low as 0-05 mg. per cu.m. of air. Details of the application of the Beckman spectrophotometer for the determination of mercury vapour in air will be published elsewhere.
Results.-A layer of gas-mask charcoal (without iodine) 4 cm. thick was exposed to an air stream carrying 6-2 to 7-1 mg. per cu.m. of mercury vapour. In all experiments the velocity of the air stream was 200 ml. per sq. cm. per minute. This velocity was chosen because it corresponded to a rate of air passage of 30 litres per minute in the final shape of the respirator canister. The resistance time was found to be between 990 and 1,140 minutes.
Experiments carried out in order to find the effect of the concentration of iodine in the active charcoal gave the following results for a 2 cm. layer (Table 2) .
In order to exclude the influence of mercury aerosols a fibrous filter was inserted in the air stream in front of the iodized charcoal layer. The iodized carbon layer alone was not able to hold up mercury aerosols. The testing was discontinued at 120 hours since Putter and Hirsch (1934) have recorded 100 hours as the upper limit for 5%, iodized charcoal. Filling: fibrous filter "VevWe-P, "-2 cm. iodized carbon (5%)-2 cm. gas-mask charcoal. (Breathing resistance 5 mm. water head at 30 litres per minute) sake of preserving their health ? It is very important to obtain at least partial answers to these questions before the use of respirators can be recommended, since the efficiency of such preventive measures depends as much on the subjective factors, such as the care of workers in maintaining the respirators and their discipline in wearing them, as on objective factors, such as impermeability of the filter to the atmospheric contaminant and its breathing resistance. It is obvious that the efficiency ot this protective measure will be much less if the workers are coerced to wear the respirators than if they ask for them. Our preliminary field testing was conducted in the following way. Two working teams were organized in the mines of Idria. The first team consisted of four men wearing respirators (two miners and two members of the Institute of Industrial Hygiene) and one miner working without a respirator. The wearers of the respirators worked 10 days (six hours daily). The miner who was unprotected worked only five days, and was then replaced by another miner who also worked five days. The average concentration of mercury vapour at the working place was 1-2 mg./cu.m. (determined by means of a selenium sulphide detector).
The second team consisted of only two miners wearing respirators. The concentration of mercury vapour at their working place amounted to 2-0 mg./cu.m. The members of both teams were daily examined by the mine's medical officer. The excretion of mercury in urine was followed only qualitatively using a method described by Pinter and Ruzdi6 (1942) Fig. 2 . The canister in cross section is shown in Fig. 5 , It consists of two identical valves containing a fibrous filter, a layer (2 cm.) of iodized carbon and a layer (2 cm.) of gas-mask charcoal. The two air streams merge into one in the central tube connected to the corrugated rubber tubing. This design was adopted in order to achieve the minimum breathing resistance. Approximate dimensions of the canister are: diameter, 10 cm., length, 16 cm. The canistermay be opened at both ends by unscrewing the perforated lids so that the fibrous filter and the filling may easily be exchanged. The canister weighs about 800 g. One filling consists of 300 g. of iodized and 300 g. of untreated gas-mask charcoal. 
